Polymer microstructures containing plant extracts are a novel technique used to increase the bioavailability of active agents with low aqueous solubility. Japanese knotweed (Reynoutria japonica) is an invasive plant with multiple biomedical properties. The aim of the present study was to obtain and characterize polyurethane microstructures used as a drug delivery system of a Japanese knotweed extract. The results indicate the obtaining of microstructures with an almost neutral pH, with sizes between 540 and 1134 nm, with a medium stability against the tendency to form clusters and a very good thermal stability. These first results present the potential of the obtained polyurethane microstructures as candidates for the transmembrane drug delivery of Japanese knotweed extracts, as a starting point for further bioactivity investigations.
Japanese knotweed (Reynoutria japonica Houtt. syn. Polygonum cuspidatum Sieb. and Zucc.) is one of the plants known in Europe for its rapid reproduction and difficult eradication [1] . Native to Asia, it was introduced in Europe as an ornamental plant and nowadays it is listed as one of the most invasive species [2] . Apart from being of ecological concern, the underground parts are used in Traditional Chinese Medicine. Various extracts and bioactive compounds isolated from Japanese knotweed are evaluated for their biological properties [3] . The most representative compound from the underground parts is resveratrol, intensely studied for its antioxidant, cardioprotective, anti-inflammatory and anticancer properties. This stilbene is an ingredient of healthpromoting products [4] . Other compounds including emodin, quercetin, polydatin or chlorogenic acid have been identified in the rhizomes of Japanese knotweed [5] .
A major disadvantage of plant extracts is the low bioavailability. Formulation as nano-and microstructures is a modern, cost-effective approach to modulate the target delivery and pharmacokinetic parameters of drugs, including natural products [6] . Polymer-based structures used as drug deliver y agents can be prepared by polymerization, by dispersion of previously formed polymers, or by ionic gelation in case of hydrophilic polymers [7] . Linkages in polyurethanes result from reactions of diisocyanates with ether and/or ester polyols; a large variety of surface modifications and attachments of biologically active compounds make these polymers highly versatile [8] . Their biomedical applications include surgical implants, tissue replacement and engineering [9] , [10, 11] wound dressings [12] , microcapsules [13] and advanced drug delivery [14] , with the advantage of a high biocompatibility [15] . Polyurethane-based microstructures obtained previously with various diisocyanates (lysinediisocyanate, hexamethylene-diisocyanate, isophoronediisocyanate) pointed out that isophorone-diisocyanate yields particles with the highest stability and the most convenient toxicologic profile following evaluation in mammalian mesenchymal stem cells and topical Inclusion of plant extracts in polyurethane microcapsules has been less researched until now. It was successfully performed for mistletoe and garlic extracts [17] , providing eye-drops with prolonged drug-release. In case of ursolic and oleanolic acids included in polyurethanes, the chemopreventive and antibacterial effects of the triterpenes were diminished in the experimental models [18, 19] . This fact is in agreement with the slow liberation of compounds from the polyurethane matrix, which makes these microparticles rather suitable for a retard effect. An appealing application of polyurethane drug carriers is colic targeting, and the obtainment of a polyurethane based on isophoronediisocyanate, polyethylene-glycol, 1,2-propanediol and m,m'-di(hydroxymethyl)azobenzene which is specifically degraded by bacteria of the intestinal microflora has been reported [20] . On the other hand, the extract of Polygonum cuspidatum has been shown to have relevant effects for colic diseases: it inhibits the growth of human colon cancer SW480 cells, displays anti-inflammatory and antioxidative effects [5, 21] . Its most important component, resveratrol, is able to inhibit metastasis of colorectal cancer cells via the Wnt/â-catenin signal pathway [22] . As well, it has a favorable effect in Crohn's disease [23] . In this idea, the aim of our study was to obtain and characterize, for the first time, of polyurethane microstructures encapsulating Japanese knotweed extract. The obtained particles will be subjected to further tests concerning in vivo efficacy in experimental models of chronic colic pathologies.
Experimental part Reagents
The reagents used in the study were: isophoronediisocyanate (IPDI), acetone, polyethylene-glycol (PEG 200) and Tween ® 20 from Merck (Germany), ethyleneglycol (EG), ascorbic acid from Lach-Ners.r.o. (Czech Republic), 1,1-diphenyl-2-picrylhydrazyl (DPPH) from Sigma Aldrich (Germany).
Extraction procedure
The Reynoutria japonica extract was prepared from dried rhizomes, with a diameter of 2-3 cm (thick rhizomes). The plant material was collected in summer 2016 from the wild flora of Romania, in the northwest of the country and identified at the Department of Pharmaceutical Botany, Faculty of Pharmacy Timisoara (voucher specimen AF003). Fifty grams of grinded dried material were extracted with 1L methanol in an ultrasonication bath for 20 minutes. The mixture was filtered and the solvent was removed in a rotary evaporator under reduced pressure. The procedure was repeated three times.
Antioxidant activity
The antioxidant activity was evaluated using the DPPH (1,1-diphenyl-2-picrylhydrazyl) method [24] . Different dilutions of the extract in ethanol 50% (1.00 mg/mL, 0.50 mg/mL, 0.25 mg/mL, 0.10 mg/mL) were prepared, as well as an ascorbic acid solution (0.167 mmol/L in ethanol 96% (v/v) to be used as a standard. The samples and the standard (0.50 mL) were mixed with 0.50 mL DPPH (1 mmol/L) and 2 mL ethanol 96%. The absorbance was monitored for 10 minutes at 516 nm using a UViLine 9400 Spectrophotometer (SI Analytics, Germany). The antioxidant activity was calculated as follows: AAO % = 100 -A 516 (t) / A 516 (t=0) x 100, where AAO -Antioxidant activity; A516 (t=0) -Absorbance determined initially at 516 nm (without sample); A516 (t) -Absorbance determined at 516 nm at a specific time.
Synthesis of polyurethane (PU) microstructures
The PU microstructures were obtained by interfacial polyaddition combined with spontaneous emulsification using a method previously described in the literature [16, 25, 26] . Briefly, the method was the following: an organic (1.5 mL IPDI mixed with 20 mL acetone at room temperature) and an aqueous phase (0.6 mL EG, 2.0 mL Tween ® 20 and 2.0 mL PEG 200 mixed with 40 mL distilled water at room temperature) were prepared; the organic phase was then injected into the aqueous phase under magnetic stirring (approx. 300 rpm), when the PU structures were formed. To ensure the maturation of microstructures walls, the stirring process was continued for four hours. In order to eliminate unwanted amines from secondary reactions between isocyanate and water, the resulting suspension was purified (three cycles of centrifugation and dispersion in a mixture water/acetone). For acetone and water removal, the suspension was kept in Petri dishes as thin layers (approx. 3 mm) for more than 2 weeks, at room temperature [16, 26] .
This procedure was employed in two similar experiments, with and without the plant extract (empty PU structures), in order to compare the characteristics of the two samples. 1 mg/mL plant extract solution in ethanol was used.
Physical and chemical characterization
The pH of the samples was determined at room temperature using a portable pH meter (Hanna Instruments, USA) and 20 mL solution. The instrument was previously calibrated using three standard buffer solutions (pH=4.00, 7.00, and respectively 9.00, at 25°C). Prior to pH measurement, the electrode was rinsed repeatedly with distilled water and dried.
The size and stability of PU structures were measured using a zetasizer system (Cordouan Technol., France) composed of a Vasco Size Analyzer and a Wallis Zeta 
Encapsulation efficacy
The evaluation of the encapsulation efficacy was performed using a procedure previously described in the literature [27] . In brief, the free polyphenols content was determined and compared to the total amount. The free polyphenols content was detected at 246 nm using a UVi Line 9400 Spectrophotometer (SI Analytics, Germany) from the washing mixture used to purify the reaction products and it was calculated using a calibration curve (R 2 = 0.979).
Results and discussions
Polymer structures were evaluated in previous studies as drug delivery systems for natural compounds and plant extracts [17, 18] . The extracts from underground parts of Japanese knotweed are appreciated for their therapeutic properties evaluated in numerous studies [28] . The aim of the present study was to synthesize and to characterize PU microstructures containing Japanese knotweed rhizome extract, in view of their antioxidant, antiinflammatory and anti-cancer properties.
Prior to the PU microstructure synthesis, the antioxidant activity of the extract was evaluated. A high antioxidant activity was remarqued for the 1 mg/mL and 0.5 mg/mL extract solutions ( fig. 1) , with values similar to ascorbic acid (91% versus 96%). The high antioxidant activity of Japanese knotweed investigated in the current study (collected in Romania) is in agreement with results obtained on plant material from Asian plants [29] and previous data on the antioxidant activity of young rhizomes with smaller diameter [30] . The pH values of PU microstructures solutions were evaluated in triplicate and the following values were obtained: 6.87±0.12 (empty microstructures) and 6.92±0.14 (sample of PU microstructures containing Japanese knotweed extract); both samples present pH values which are specific for medical purposes.
PU microstructures containing Japanese knotweed extract were synthesized by interfacial polyaddition combine with spontaneous emulsification. The size of PU microstructures and Zeta potential are presented in table 1.
The PU microstructures containing Japanese knotweed extract showed larger sizes, indicating the intercalation of polyphenolic compounds from the extract inside the polymer chain. The Zeta potential of microstructures containing the extract indicates a medium stability against agglomeration (Zeta potential in the range 20-30 mV), while the empty PU structures present a higher stability [31] .
Differential scanning calorimetry (DSC) analysis was performed between 40 and 150 o C because this is the temperature interval of main thermal peaks of polyphenols. Figure 2 revealed no important changes due to the stability of PU microstructures in the studied domain. The efficacy of encapsulation was evaluated as UV-Vis absorbance as a function of extract concentration. The 
Conclusions
Polyurethane microstructures containing Reynoutria japonica rhizome extract were synthesized and characterized. The extract displayed a significant DPPH scavenging activity. The size of the particles (1134±19 nm) was larger than for empty polyurethane structures (540±11 nm).The encapsulation efficacy was 66.7%.
Characterization of DSC thermograms revealed the stability in the studied range. Further studies evaluating the in vitro and in vivo activity of the synthesized polymer-based structures shall establish their utilisation for targeted delivery of knotweed extract.
